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1 lSN 1,ink Monitor& Conlrol (1 .MC) o~)cra[ions
consis[  primarily of executing procedures to
configure, calihratc,  test, and opcmtc  a
communic.a~ions  link bctwccn an intcrplanclary
spacccrall  and its mission control ccnlcr.  Currcnd y,
the 1.MC operators arc responsible for intc,gmting
]mccdurcs into an cad-to-cad series of steps. ‘1’hc
research prcscntcd  in [his  paper is investigating ncw
ways of spccif ying operations procedures that
incorporate. lhc insighl  of opcralions,  cnginccring,
an(i scicncc  personnel to improve rn ission operations.
‘1 ‘Im paper dcscribcs  the rationale for using ‘1’cmporal
IIcpcmdcncy  Networks (’I’IJNs) 10 rcprcsc.[11  dlc
proccdur-cs, a description of how the dala is acquired,
and the k nowlccigc  cngirmring cfforl required to
rcprcscnt  opcrat  ions Jwoccdurcs. RcsulM of
operational tests  of this conccpl, as implcmcrmd  in
lhc 1 MC Opcmlor Assistant Prototype (1 ,MCOA),
arc also l)rcscntc(l+

Keywords: Arrmrnation,  Knowledge I@inccring,
Opcralions

1. IN”1’ROIXIC’1’1ON

IXN 1 ink Morli(or & Control (1 .MC) operations
consi  SL primari  I y of cxccrr(ing procedures 10
configure, calihratc,  LC,S1,  and operate a
communications link bctwccn  an intcrplanclary
sj]acccraft  and its mission control ccnkx [Kcf. 1].
‘1 “he. procedures can bc organized according 10 two
laxonomics:  those based on the individual
suhsystcms  which forln  the link (c.g,. antcmna,
rccci vcr, tc]cmctry processor), and those spcci fic to
ltw spacecraft or scicncc  cxpcrinlcnL Clrrrcnlly, lhc
1 .MC operators must manually inlcgratc the
individual subsyslcrn  and higher ICVC1 space.craf[
procc,durcs  into an cad-to-cud series of steps nccdcd
to supporl  realtime operations. On-the-joh
cxpc.ricncc,  provides the nczcssary  background for
dclcrmining  any intcrdcpcndcncics  bclwcen
subsyslcms,  for inlcrprcling  mission specific

configuration and performance rcquircmcrrts  for
rouli nc, oflcrl-~)crforl~~cd operations, and for
dclcrmining  the fastest, most reliable means of
gctling the job done. Non-routine opcrat ions,
however, often require opmrtors to perform diffcrcnl
types of opc.rations  and to intcrprci  rcsuhs in ways
diffc.rcnl than they normally wouki, For example,
during an often performed pass (c.E. tclcn]c~y),  the
primary goal is 10 maximize lhc signal quality.
Operators miay  adjusl the various equipment in order
to improve the signal-to-noise ratio  (SNR).  For a
radio scicncc type pass, performed much ICSS
frcqucnlly however, the configuration of lhc
cquipmcrd  musl  remain conslant  and the SNK may
aclually  bc parl of lhc data collcctcd,

‘1’hc purpose of our currcnl research is to invcstiga[c
ncw ways of spcci fying opcrat iorls  procedures l}lat
cnab]c arrlomalcd  operations, caphrrc lhc insighl and
cxpcrlisc  of opcralions,  cngincwing,  and scicncc
personnel, and lead to more cfficicnl  and rcliahlc
operations. [Ref. 2] ‘1 ‘hc goals for the rcprcscnmtion
arc:

1. }ixtcnsib]c:  il must bc capahlc  of rcprcscnling
Lhc full spectrum of opcmtions  procedures.

2. }~lcxiblc:  i~ musl  allow for the variations in
operations procedures cxpcricnccd bclwcx-m
the diffc.rcnl opcral ions complcxcs,  and under
different circumstances.

3. . Mainlainahlc:  hccausc  the slalion c~luiprncnl
and types of operations arc constandy
changing, it must bc easy to updalc and
nminlain.

4. Verifiable.: Lhc rcprcscntation  must  bc lc.slahlc
for accuracy.

5. . Robus(:  it must provide the information
ncccssary  10:

i(icatify  problems
perform workarounds
intc.rprc[  monitor data
Iailor  a gcncrd pr(~cdurc to specific
circumstances



.

6. User Natural: it musl  trc readable ancl usable
by bed] computcx and human operator widloul
Iranslalion.

2. APPROACI1

Our approach is to usc a temporal dcpcnctcncy
nclwork (1 ‘I IN) to rcprcscnl  1.MC opc.rat ions
procedures. A ‘I”JJN is a dircctcd  graph which
incorporakw temporal and behavioral k nowlcdgc and
also providc,s optional and conditional pad~s through
the nclwork.  ‘1 ‘hc dircclcd  graph (or, Petri Network)
rc.Iwcscnts the s[cps required to pcrfonn an opcrat ion.
}’rcccdcncc rc]ationships  (sLcp A has to happen before
sIcp R) arc specified by lhc nodes and arcs of the
nclwork,  ‘1 ‘he. behavioral knowledge identifies
sys[c,rn-slate dcpcnrtcncics in dlc form of prc- and
pos[-  condilimrs. ‘1’cmporal  know]cdgc  consists of
bodl absohric  (e.g. Acquire the spacecraft al time
02:30:45)  and rc.lativc (e.g. FWform slcp Y S minutes
aflcr  slcp X) tcnq)oral constraints. Conditional
branches in lhc. network arc those performed only
under Ccrlain  conditioJls.  ‘1 ‘hcse. arc lhc ]}; (this
condition) l’}l}iN (do/tion’i  do that action). “1’hc
conditionals arc used primarily for error rccovcry,
Optional paths arc Lhosc which arc noi essential to the
opcralion  -- bul may, for cxamp]c, provide a higher
ICVCI  of con fktcncc in the data if pcrfonncd.

‘1’hc.  ‘IDN rc.prcscmlalion is discussed in more depth in
a following section. ]JI order Lo understand lhc
rcprcsc.lltalion  it is ncccssary  to firsl  under’stand the
basic building block of the 3’DN,  dircclivcs.

~.] IJircclivcs

l’hc primary data ulli[  of the “J’l>N  is a dircctivc.  A
dircctivc is a control message which is sent LO an
individual suhsystcrn  in order to pcrfonn a specific
function. ‘1’hc primary data fields arc the inlcndcd
subsystcm,  the control action, and any associated
paramclc.rs.  ‘1’o sup])orl  the. I’IJN mode.t of
proccdurcs, wc usc a more dc.tailed rcprcscmtation  of
the dircclivcs.  Each dircclivc  is rcprcscntcd  as an
ob.icc(  coruaining  the following information. An
cxarnplc  of a dircctivc  definition is prcscntcd  in
l;igurc 1.

1. 1 )ircclivc  syntax (subsystcrn,  message narnc,
rcquircxt and optional paramclcrs).

2. q$hc function of the dircctivc:  what primary
and side cffccL$ it has on the subsystcm;  whai
changes it causes in any dcviccs or
subassemblies.

‘3. . Paramctc.r  dcfillilions:  any conslminLs  on the,
paramcic.rs and dlc support data used to
dctcnninc  pararnctcr  values,

4.

5. .

6.

7.

8,

Dircctivc.  responses: lhc, response tnc.ssagcs
scJlt from the Subsyslcm to the I MC to
acknowktgc rcccipl of the dircclivc. ‘1 ‘his is
only a con~mrrnicalions  handshake and dots
not indicxdtc  that the dircclivc  was successfully
cxccutcd.
Rcjcclion  notices: messages sent by the
subsystcm  when the dirwlivc has failed to
cxccutc. (lnclrrdcs  syntax errors as WCII as
rcaltirnc failures).
Monitor and event information: data that may
bc gcncrattii  by the subsyslcm  based on the
actions of lhc dirccLivc. Specifics which
parameters and user intcrfacc displays to
monitor to confirm lhat the dircdivc has
Successfully Cxezutcct.
Prc.-condi[ions: what state. must the systcrn bc
in before this dircclivc can bc sent.
Post-conditions: which state lhc svslcm is in
whc.n  the dircctivc  has suc.ccssfull~  cxccutccl.

***] NS]i~rl’  I~IGLJRE 1 }iXAMPl,}i
I)IKIKI’lVI{***

‘1’hc  information in the dircctivc  definitions is stored
in a knowledge base. Of the above listed types of
information, only a subscL, dcalirrg primarily with
syntax and gene.r-al responses, is availahlc  in the. INN
docunlcntalion.  Much of the information is available
only through the operations personnel (monitor
inftrrmalion,  prc- & post- conditions) or lhc engineers
(Sirlc cffcxLs, prc- & post- conditions).

2.2 T’cmporal IJcpcndcmcy  Network

A ‘1’DN is a complex object which cncodcs the
information rmcssary to perform a spcci fic
operational task. As dcscrihcd  earlier, the primary
rc,prcscntrrtion  of the T’DN is an augmcmtcd dircc.tcd
graph. In the graph, each arc rcprcscnls a stricl
prcccdcncc  rc.lationship,  each node a scqucncc  of
directives which pcrfcrnn a subscl of the overall
function. ‘t’hc network cxp]icidy  specifics the
prcccdcncc  relationships bctwccn nodes, any
potential parallelism, and rules for recovering from
global faults. ‘1’hc nodes, or blocks, consisl  of the
dircclivcs, tcrnporal  constraints, prc- and post-
conditions, and local rccovcry information should the
block fail. An example block is given in Figure 2.

***]NS}~~q 1/Jc;lJR}i  2 }lXAM}>],~j ~)],O~K***

OIICC the directives ncccssary  to pcrfonn the given
opcraLiorl  and any prc- and posl- conditions spczific
to the type of pass arc known, designing a ‘1’lJN
bccorncs an cxcrcisc in assigning directives to the
corrccl  block. Preconditions specify dcvicc  states
that nmsL bc true. before d~c dircztivc can cxccutc.



l’oslcondilions  specify the cxpcctcd  dcvicc states
after the dircctivc  has successfully cxczutcd.
Prcccdcncc  relationships in the TIJN arc formed by
ensuring that thct actions required to satisfy a
dircclivc prccrmdi(icm  occur and arc verified before il
cxcculcs.  SO, if two (tircclivcs  arc in scqucncc
bccausc  onc depends on lhc successful completion of
the olhcr, these dircclivcs  will bc placed in separate
blocks and a prcccdcnec relationship formed between
them.

IJircc.tivc prccon(litions  arc pushed up to tbc Mock
ICVCI,  so that before the block begins cxe..rrting  its
first  dircclivc, all preconditions of all directives in
that block must bc satisfied. la som cases, this
check is redundant bccausc completion of the
previous block is dcpcndcnt upon satisfying a
poskxmdi[ion  which satisfies the precondition of the
ncxl Mock. Wc have. dc,signcct the “1’DN in this way
for Iwo reasons: 1) the block may, at some point be
moved 10 a (tiffcrcnt  location in lhc ‘1’I)N, and 2) if a
(tcvicc fails between the end of the firsl block and the
slarl  of lhc SCtOJJd,  wc have, a way 10 detect the
failure before procccdirrg.

‘1 ‘he”1 ‘IJN is the general rcprcscnlaticm  of an
operational task. An inslancc  of the I’DN is crcatcd
from the g,cncral  representation and paramctcrizcd  for
lhc spcci fic pass bciJlg performed. }irorn this
pcrspcclivc, the, q’DN acts as a template for
operations, and individual parameters (time,
frequency, file names) arc fillcrt in at cxcculion  lilac
LC) perform operations. A sample of a general I’DN,
showJ] at the block lCVCI,  is given in F’igurc  ~.

3. KNOWl,IHXiIi l~NGINIiliRING

‘1’here arc two knowledge bases required for the “l’IIN.
‘1’hc  first  is the I’DN iL$clf,  which is a high-lcvc]
procedural rcprc.scmtation,  3“}1c second is the
Dircctivc  I)ictionary  which contains the definitions
for all of lhc directives used in our test ‘1’DN. An
rwc.rvicw of the, knowledge crginc~ring  activities
used to cream both k now]cdgc  bases is gi vcn in the.
following sections. For the purposes of this paper,
WC, define knowledge cnginccring, to be the. process of
acquiring, rcprcscnting,  tcsling,  and validating the
know]cdgc  in a knowledge baSC. ]JI our Case, the
hrw]cdgc cnginccring  process was tightly coupled
10 dlc dcsigJl process, aJld the results of our
knowledge cnginccring  efforts infiucnccd  overall
sysIcJn dc.sign  of the. 1.M~OA  Prototype.

GJ]IJnOJI 10 both knowledge cnginccrillg  cfforls  was
the JIccd  to keep detailed information as to the

sources of information. ‘1’hc process of gathering
knowledge is iterative and the sources rrlay bc
rcfc.rrcd back to mul liple times, For example., the
information from different personnel and
documentation may be contradictory, so it may be
necessary to refer back to each source to dctcrm inc
why. A significant parl of our knowledge base
dcvck3pJncJlt  was dcdicatcd to docuJncJlliJlg  the
source of information, the, date., and subsequent
changes,

3.1 ‘1’DN Knowlccige  1 inginecring

‘1 ‘hc 1’1 )N concept for proccdurc  rcprcscntation  is
bcirrg tested by creating a TDN to supporl
prccalihration  aJld drita co]kction for a Very 1 xmg
Baseline Intc,rfcrornctry  (VI .BI) lJclta l}iffcrcntial
One-Way Ranging (DDOR) pass al the Goldstonc 7(1
Meter AntcJma. Our first slcp in rcprcscnting  the
VIR1 DDOR was to create a baseline scqucncc  of
dire.ctivcs and other actions that the operators
cxccutc. While acquiring this information from
various operators and cngincms,  il bc.canm clear that
thCrC. is J1O Single  scqucJlcc  that dCflJICS thiS aCliVity,
Since several subsyslcrns  arc ncccssary  and a
significant part of their setup is indcpcmicnt  of the
othc.r subsystems, the rcprcscntat  ion had to
incorporate the network features of the ‘I”DN from lhc
start to rcprcscnt  this inherent paral Iclism,  In
addition, otkr  wwiations in lhc procedures would
arise whc.n problems wm dctcctcd and steps taken to
rcso]vc thcm during actual Operations.

‘t’hc primary source for information concerning the
“1’I)N was through pcaptc,  In ordc,r to cffcclivcly
inlcrvicw  aJld acquire knowledge from the Opcmtions
personnel, we nccdcd a basis for discussion. Wc
began by pulling all of the dircclivcs  from a log of a
sample pass. We crcatcd  a draft q ‘l~N, in the form of
individual dircztivc.s (no blocks at this poino using
pos[-it  notes on (a 22 ft. length of) butcher paper].
‘1’hc  operations pcrsmmcl marked up the’1 ‘I)N and
moved around the different directives. All comments
rcsulling  in changes or additions to lbc ‘1’I)N inc.ludcd
the source for the information, ‘l’his proved
Cxlrcliicly useful, csl)ccially  when contradictions in
input arose,

“1’hc contradictions thcmsclvcs  were a form of
knowlc.dgc.  ~’hcy rcprcscJllcd  a wide variety of
causes inc]udi  Jig:  1 ) A diffcrcncc  bctwccn  what the
scientists wanted and what opcralitrns  personnel
thoagh{  thc,y wanted; 2) Woccdurc,  data that was
valid only as a work arouJld  until a system bug was

1 ‘1 ‘o our knowledge, this is the first time a COJnJl]CtC
cad-to-end scqucncc  for an oIw31ionat  proccd urc has
ever been fully docuJllcJltcd.



corrcctcd;  3) differences in how the crrginccfs
designed the subsystems and hov+ the opcramrs
actually usc lhcm;  4) Errors in dlc docun~cntalion,
‘1’hc 3’IJN kllowlc.dgc  is still in the process of being
validated by review with operations personnel and
both laboratory and on-site testing.

3.2 I )ircctivc  l)diontrry Know]cdgc  }inginczring

“1 ‘hc dircciivc  dictionary contains Ihc directives for
the subsystems ncccssary  to perform a V1.BI DDOR:
antenna, m icrowavc,  rcccivcr/cxci  tcr, prcci sion
]}OWCI monitor, mclric data assembly, and
VI H/signal processor. The knowledge tha~ is
collcctcd  for a single riircctivc  consists ofi dircclivc
syntax and paramclcrs,  actions of the directive,
directive responses, cvcml nolice messages and
monilor  data which may bc gcncratcd  based on the
actions of the directive., and rejection notices, In
addition, it is ncccssary  to find out what subsystcm
dcviccs  these dircclivcs  affect and arc being rcfcrrcd
to in thc,sc various nmssagcs.  ‘1’hc original source for
the m:ijorily  of the dirczlivc  information was Ihc
operations manuals for the individual srrbsystcms.
1 Iowcvcr, Ihc majority of Lhc effort cxpcndcd in
generating d)c Dircclivc Dictionary was spent filling
in the gaps and correcting inconsistencies in the
manuals by using other sources, IJor example, 1,M~
operator logs were used to idcntif  y dircclivc
responses and some of the event notice messages that
can bc. cxpccled.

identifying the prccondiiions  ncccssary  before a
dircctivc can successfully cxccrrtc  and lhc post-
conditions after it cxecrrlcs required the collection
and cross-corrckrtion  of many piczcs of information.
1 iach subsystcm  may consis[  of several dcviccs and
subassc.mblics.  In many cases, the dircctivc is scnl  to
the. subsystcm  c.ontrollcr which in turn sends a control
message to the appropriate dcvicc. 1 n Ihcsc
circumstances, the assistance of the cn.ginccring  slaff
was csscnt  ial to determining what the dc.sired effect
of the directive, really was and what information to
monitor to dc.tcrminc dlat it had, in facl, cxccutcd.
Some prcconditirm  information was available from
the. manuals in the. form of dcvicc states which must
bc true., or other direztivcs which must have hem
successful I y comiplc[cd  before cxccut  ing a specific
dir-cctivc.. ‘1 ‘hc actions of the prc-ceding dircctivc  can
bc transkitccl into a prc- or post- condition.
Precondition information was also gathered from
cval uating  cvcnl not icc message daia which spcci (icd
error conditions when a dircclivc  frrilcd.

3.3 Knowledge Engineering Summary

‘l>hc  knowledge cnginccring  effort for the V1.BI
]J]}OR proccdurc  currc.ntl  y consists of approximately
110 directives and 45 blocks. ‘1’hc sources used for
knowledge cngirrccring  and the types of information
obtained from those sources arc 1 i sled in’1 ‘able 1.
~ ‘hc main thrust of the knowledge cnginccrirrg cfforl
has taken place over the past year. During that time,
the DSN operational stalions  have undergone several
modifications awi upcialcs  to operational software. A
major chriiicngc  in the know]cdgc  engineering effort
has been not just  to capture the knowicrigc,  bl]t to
aiso ke,cp it current, For example, during our effort,
d~e rccommcnric.ci  prccai ibration  proccdurc  outl incd
by the antenna operations cnginccr has changed over
8 times.

4. S’1’A’1’US

‘1’hc  knowicdgc  cnginccring  and ‘1’IIN (icvclopmcnt
activities have bczn performed in supporl  of ti~c 1,M~
Opcralor Assistant i’rototypc  (1 .M03A) advance~i
dcvciopmcnt  effort, In Scplcmbcr  1992, the I..M~OA
had rcachcd the point whc.rc its functionality and
design [Ref. 3,4] could bc tcslcd  in an operational
siluaiion,  After successful compatii~iiity  and
functionality tcsling, wc began tcsling the accuracy
and cmnpictcmc.ss  of the krrowlcdgc  bases nczc.ssary
to dcmot  Istratc  auton~atcd2 opcrat  ions. “i’hcsc tcsLs
have includcti  evaluation of the information in the
Directive Dictionary in addition to cn(i-to-cnd
proc.cdurc tc.slil]g  of dlc ‘1’l)N.  in preliminary tests,
Ihc ‘ISI)N has proven successful in nlccting  the goals
outlined in Seztion 1 of this paper. A fuli scale
dcnloJlstration  c)f ti~c 1,M~OA is schcdulcxi for
l}cccmbe.r 1992. ‘t’hc 1,M~OA is inq~icmc.ntcd  on a
NcX”l’ Workstation using Objcctivc ~, lnlcrfacc
Buiiclcr,  and 0 .l})S.

2 ‘1 ‘O bc prccisc.,  it will bc scn~i-arrtomatc.d
operations. “1 ‘hc microwave subsystcm  rcq uircs
manuai  configuration and there arc actions, such as a
safct  y page to warn poplc that the antcrma wiii bc
moving, whicil  the operator is rc.qu i red to perform,



. . ..”.. .Q”&w  ,,,, ”. .- .snmu.v.%u~b \,m, .ammmm  L..

Opc.raticms Manuals Dircclivc  Synlax
and operations Proccdurcs Dircclivc  Rcsponsc,s

Procedural Overview
logs Sequence of tiirczlivcs

Sample rcsporlscs
!Mmpic monitor riala  and event messages
Sample anomalies

1 MC oi~crators }’rc-  & Post- conditions
Supporl  data
Scqucncc of directives
What they acluaiiy  nmnimr,  dispiays  USMI
Syslcm quirks
Anomaiy  rccovcry  aclions
lialsc aiarms an(i “noisy” fcc(iback

Opcralions  linginccrs Dcsirc4i operations scqucnccs
Prc- & Posl-con(iitions
Prcvcntativc  actions
Subsyslcrn  (iuirks

Design Hnginccrs Dcvicc and subassembly reactions
Sicic effects

Scicntisls Desired sr~iucmcc,  of “aclions”  (the cvcn[s  tilal  siIoui(i  lake
place, rather Um the specific dircclivc,s)

Whal’s  in~pormru  to lhc succcss  of tile cxpcrimcnt
Ruics for imi}roving  dala [iualily

T.-L}. ‘1 . . . . . . . . . . . . -1-,, . - *. .*.. . . .

5. A~KNOWI ,F3KiM}lN’I’S on Ground Data Systems for Si)acc Mission
Opcmtions,  Pasadena, CA, 1992.

TIIC work dcxribcli  in this paper was carricti out by
lhc JCL Propulsion Laboratory, California lns(itutc  of 4. lZC, Lorrinc and Randai] W. }1 ill, Jr., “Process
‘i’ccimoiogy,  under conmcl with the Nationai Ckmrol  and Rccovcry in the I ink Monilor and
Acmnautics  and Space Administration. ‘J’hc other ~ontroi  Opcramr Assisltm,”  SOAR Symposium,
members of llIC 1.M~OA  team arc 1.orrinc  1 XC, }] OUSLO1l, ‘]-X, 1992.
Randy 1 iiii,  Sanguan  ~how, KaLhy StUrdCVal)l,  and
Juan Urista. Wc would like 10 acknow]cdgc  lhc
contriimtions  of li]c many operations and cmginccring
i)crsollnci  al JP1, and LIIC Goi(istonc  Deep Space
Communicant ions Complex.

1.

6, Rl?IliRENOiS

~oopcr,  1.ynnc  P., Rajiv Dcsai and Iiimain
Mariincz,  “Opcralor  Assislant  to Support I)c,c,p
Space Net work I ink Monitor and Clmtroi,”
SC)AR Symposiunl,  }louslon, “l’X,  1991.

~ooi)c,r, 1.ynnc  P., “Opcralions  Automation
Llsing ‘l”cnlJ)orai  Dcpcndcncy  Nchvorks,”
~’cchnology 2001, San Jose,  CA, l)czctnbcr  3-5,
]99],

1 Ii Ii, Randail W., Jr. and 1,orrinc II’. l.tx
“Silualion Mallagc.rncn[  in lhc 1 ink Monilor and
~onlro] Opcralor Assistint  (1.MCOA)”,
SpaccOPS 92: Second lntcrna[ionai  S ymposiutn



-—..--—MWL.. .-Emm@mL..
Al> 1)1 ,OAD <set-id >

:“~” Al] III,C)AI) (:W

Actions transmits a prcdic(  data set to tlw AC3

%mrcm: doy-067-91  Jog, line 189
cloy-l 15-90  .log, line 56
cloy-l 16-90.log, line 400
d(Jy-313-91  log, line 95

‘}rmondit  ions: predick  available at 1,MC

!?ostccmditims:  am-status predict-id ?sct-id
acs-status predict-table filled
acs-status  download-ok-p t (download success)

k’spcmscs: CX)MIJI  .1[’1’1{1).  Pl@CIEHNG  111 ,C)AD lWQUES1’

{ejections: CK)MI’1 ,1;’1’1[1).  INVAI ,11) I’I{F;l)ICH’ SIIH’ NAME

{ve])l  nolicc messages
I’A 14: IN”1’l;I{lJ01 A’1’lNG <set-id> SUBl
1’A 14:1’’1’S  IN”l”l!l{l’ T’O <{imc>
I’A 14:1)1 .OADING <set-id> SUB1 AT 80 SK%
I’A 14 :1’’1’S  1)1 iC)AI ) ‘l’C) <t imc>
I)A 14:AI’A 1)1 ,OAI) CC)M1}l J!’I’E
I)A 14:AC3  CC)NI;JRM 1)1 C)AI)..,
1’A 14:AG  ‘I’l MI{ <time>

Uigurc 1, IIirective  hkamplc, Al’ II1,OAT)

Preconditions:
ACS finished resetting

llirective  sequence:
AI’ C;C)NN 14
APACS1)1;1,L1’1’299
AI’ A(S RFQC’C)RR
AI] AC% SCAN C)I~J~
Al) ACM RI;QCNF 1)}[S
AI} ACM lU;QCNF ACT

l’ostcomlit  ions:
AC% received  conmct
Dlil M-l’  set to 299
~cmscannin~  di sablcd

l;igure 2, Block  Hxamplc
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Figure  3. TI)N l;xamplc,  Mock level


